Inoculation of tumour sublines
In comparative studies, standard doses (1 x 107 viable cells in 1I0 ml. Tyrode'sgelatin-citrate solution (TGC, see Smith et al., 1968) of the two sublines were inoculated intraperitoneally into randomized groups of rats (250-300 g.). After all animals had been injected the viability of the remainder of the inoculum was >95 %. A third group received only TGC solution (1.0 ml.).
Estimation of the number of free tumour and host cells in the peritoneal cavity and blood at intervals after injection of the tumour sublines At intervals, animals were killed by ether vapour and the numbers of tumour and host cells in the peritoneal contents and blood were estimated by a combination of total and differential counts.
Peritoneal cavity.-The total populations of free host and tumour cells were determined by the method of Revesz and Klein (1954) which was adapted for work in rats.
The cells were centrifuged from the suspensions used for the total counts, suspended in calf serum (1 drop) and smeared. The smears were fixed (ether/ ethanol 1: 1 by vol.; 10 min.) and stained by the Papanicolaou method, excluding the orange G counterstain. Using an eyepiece net graticule and a x 400 magnification, the number of tumour and host cells (excluding contaminating erythrocytes) was counted in a strip, one graticule width across, through the centre of each smear (1000-3000 cells). The uneven distribution of tumour cells (more occurring at the middle than at the edge) necessitated counting completely across a smear. The identities of the slides were concealed from the person counting. Cytological criteria distinguishing tumour cells (Fig. 1 ) from host cells were a large nuclear/cytoplasmic ratio, an eccentrically placed nucleus, 1-3 prominent nucleoli and a characteristic staining reaction: the cytoplasm of tumour cells was grey in comparison with the green cytoplasm of host cells. There were no morphological differences between sublines WBP1(A) and WBP1(V). Counts of tumour cells in the presence of host cells could be made with acceptable accuracy throughout tumour growth in the peritoneal cavity, even initially when the proportion of host cells was high. Thus, triplicate differential counts on slides from a typical experiment (Table I) show the ratio greatest tumour percentage/least tumour percentage as > 15 for only 5 % of the slides. In two further experiments this ratio was > 1.5 for 5 % and 19 % of the slides. This accuracy was acceptable and hence tedious replicate counts were not done routinely. Gross errors were, of course, accounted for in the variation of the mean tumour count of the whole group of animals.
Blood.-Blood was taken from the end of the tail or from the heart and erythrocyte and white cell (including tumour cells) counts made in a haemocytometer. Blood smears were fixed in methanol and stained with Giemsa stain (Hopkins and Williams " Revector " Giemsa stain (1 vol.) Weights of tissues invaded by the tumour sublines The spleen, mesenteric lymph node and thymus were invaded by the tumour. Also, a solid abdominal tumour, inseparable from the pancreas, grew as a grapelike mass below the stomach. As an indication of tumour growth in these areas, the wet; weights of the tissues, as percentages of body weight, were obtained at intervals. The mean wet weight of the pancreas (0.68 g.) of control animals was deducted from the total solid tumour weight and the corrected tumour weight expressed as a percentage of body weight.
RESULTS
Comparison of the changes in free tumour cell populations of sublines WBPL(A) and WBP1(V) in the peritoneal cavity Groups of rats received WBP1(A) cells, WBPL(V) cells and TGC solution alone, and were sampled as described in Methods. Six rats receiving each tumour subline and 2 control animals were examined every 8 hours for the first 48 hours when the intraperitoneal tumour cell concentration was low. Subsequently 2 experimental rats (for each subline) were examined every day and one control rat every other day.
The data from three similar experiments reveal the changes in total number of free tumour cells with time for both sublines of WBP1 ( Fig. 2 and 3 The erythrocyte concentration remained at the control level (7-8 x 109 cells/ml.) for 8 days after inoculation of either subline (Fig. 4) . That of rats with WBP1(V) subline then rapidly decreased until the rats died when there were 3-4 x 109 RBC's/ml. In rats with WBP1(A) subline, the RBC concentration also decreased between 11 and 18 days post inoculation to ca. 5 x 109 RBC's/ C,, Fiducial limits are shown for points after day 10 when significant decreases in RBC concentrations from the mean control value were apparent. ml.; subsequently, a partial but significant recovery to 6 X 109 RBC's/ml. was maintained until just before death. An increase in the proportion of reticulocytes and large erythrocytes was noted with both tumour sublines.
Changes in host cell populations in the peritoneal cavity and blood of rats after injection of sublines WBPl(A) and WBP1(V) Following injection of tumour cells a five-to tenfold increase in the normal leucocyte populations of the peritoneal cavity and blood was noted parallelling the increase in tumour cell numbers. There were no significant differences between the total host responses to the 2 sublines in the peritoneal cavity or in the blood.
Lymphatic and visceral invasion
The weights of the spleen, mesentric lymph node and thymus increased relative to body weight after 5-6 days post inoculation continuing until death of the animal (Table II) . There were no significant differences between the weights of organs from rats with subline WBP1(V) and WBP1(A) up to the death of WBP1(V) inoculated animals (ca. 15 days). Thereafter, the weights of organs in rats with WBP1(A) cells continued to increase and became significantly greater in relation to body weight than were the same organs at death in rats with WBP1 (V) cells. In animals inoculated with either tumour, the solid abdominal tumour attached to the pancreas became apparent after 5-6 days. The weight of this, relative to body weight, was significantly greater in rats with WBP1(A) subline at ca. 15 days, when the rats with WBP1(V) subline were dying and continued to increase thereafter (Table II) .
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A. E. WILLIAMS, R. S. LOWERY AND H. SMITH DISCUSSION The changes in the free ascites tumour cell population described here were similar to those observed with other ascites tumours (Klein and Rev'sz, 1953; Andreev et al., 1966; Lala and Patt, 1966; Maruyama and Knuth, 1966) . After an initial decrease, modified exponential growth occurred similar to that described by Laird (1964) . However, although the growth curves for the 2 sublines were of similar pattern they differed in detail. The initial decrease in free tumour cells occurred more rapidly with WBP1(V) cells than with WBP1(A). Three factors, which may contribute to these initial decreases are discussed below.
Firstly, more WBP1(V) cells than WBP1(A) cells may have died due to a differential action of non-specific host defence mechanisms (phagocytosis and extracellular lysis). This seemed unlikely, because the proportion of damaged cells did not increase over that of the inoculum and no large scale phagocytosis of cellular debris was observed. Secondly, tumour cells could have attached to the peritoneal lining and to the abdominal viscera. Such an attachment may be a prelude to invasion (Wheatley and Ambrose, 1964; Wheatley and Easty, 1964) . Different surface properties (Abercrombie and Ambrose, 1962) into fresh animals (cf. Greene, 1965; Baker and Wood, 1967; Rosso, Donelli and Garattini, 1967) .
Several factors may have affected the rates of increase of the 2 free tumour cell populations during the subsequent phase of growth. Decreases in the mitotic rates and in the growth fractions may have contributed to the retardation of population increase (Lala and Patt, 1966; Mendelsohn, 1962; Baserga, 1963) . The lack of an essential nutrient, which can explain the rapid cessation of exponential growth in bacterial cultures, is unlikely to be the cause of such decreases (Laird, 1964 The erythrocytic anaemia which developed in rats with WBP1(V) subline after 8 days and in rats with WBPi (A) subline after 11 days was striking. The terminal anaemia (ca. 50 %) in the rats with WBP1(V) subline may have contributed directly to the deaths of the animals. In the rats with WBP1(A), anaemia (ca. 35 %) was not as severe at the time when rats with WBP1(V) died and later decreased. Whether this improvement in the rats with WBP1(A) subline, and the decreasing tumour counts in the peritoneal cavity and blood, was an effect of the 374 BEHAVIOUR OF RAT TUMOUR SUBLINES host response has not been resolved. If it was, it was of no avail because of the uninterrupted increase in the cachectic condition of the rats which terminated in death.
The extent of visceral invasion by these tumours may havL-been indicated by the increases in relative weights of the spleen, mesenteric lymph node, thymus and solid abdominal tumour. The spleen, mesenteric lymph node and thymus increases could be due partly to an increase in the lymphoid elements in response to tumour growth. However, histological examinations revealed extensive tumour in these organs. At death there appeared to be significantly more of WBP1(A) subline present in the rats than WBP1(V) subline. In addition, there was more WBP1(A) present in ca. 15 days when the rats with WBP1(V) subline were dying. These findings suggested that subline WBPI(V) might be more " toxic " to the host than subline WBPL(A). The cause of the greater toxicityearlier invasion of some vital site, more efficient debilitation of the host by utilization of nutrients or the production of toxic materials by the tumour (cf. Sylven and Holmberg, 1965) is as yet unknown.
SUMMARY
The intraperitoneal growth and blood and visceral invasion of more (WBP1(V)) and less (WBP1 (A)) malignant sublines of a rat ascites tumour have been compared.
In the peritoneal cavity there was an initial decrease in free tumour cell numbers, more precipitous and reaching a lower level with WBP1(V) cells than with WBP1(A) cells. This was followed by a period of increase during which exponential growth of the population was increasingly retarded. The retardation of population growth rate was greater for WBP1(A) cells than for WBP1(V) cells. After the deaths of rats carrying WBP1(V) subline the free ascites tumour population decreased in rats carrying WBP1(A) subline.
A similar pattern of tumour cell increase in the blood was observed after 5 days. No differences were apparent between the tumour sublines up to the time of death of rats carrying WBP1 (V) cells. Subsequently, a decrease in the concentration of circulating tumour cells occurred in the surviving rats carrying the WBP1(A) subline.
There was a large and progressive host cell response which did not appear to differ with the subline injected.
An increasing anaemia developed in all tumour bearing animals being more severe in rats carrying WBP1(V) cells than in those carrying WBP1(A) cells.
The weights of spleen, mesenteric lymph nodes, thymus glands and solid abdominal tumour indicated that more tumour had accumulated in rats dying from WBP1(A) cells (after approximately 30 days) than in animals dying from WBPI(V) cells (after approximately 15 days).
